Green tea (Camellia sinensis) leaves are known to contain active ingredients such as catechins and caffeine, and are widely useful materials. Recently, green tea flowers also have been in the spotlight. However, little attention has been paid to the tea seeds. In this work, the constituents of green tea seeds and green tea leaves were compared. Caffeine was found in the seeds, whereas catechins (usually obtained from green tea leaves) were not observed. Next, we investigated the constituents of hexane extracts and methanol extracts of green tea seeds. We found that the hexane extracts contained high amounts of oleic glyceride (79.9%) in addition to linoleic glyceride (20%). We confirmed the structures of these glycerides by NMR spectroscopy and by synthesis from a fatty acid and glycerol. The methanol extract was found to contain naringenin glucosides by mass spectrometry and NMR spectroscopic analysis.
It is well-known that green tea leaves have various active ingredients, such as catechin and caffeine [1] . Recently, green tea flowers were reported to have saponins as characteristic components [2] . Saponin glycosides, kaempferol, and naringenin have all been found in green tea seeds [3] [4] [5] [6] [7] [8] . To our knowledge, however, there are no detailed reports on the constituents of green tea seeds. In this paper we present a study of the main constituents of green tea seeds, including previously reported compounds.
We compared the constituents of the seeds and leaves of green tea. Extraction with binary solvents was performed (acetonitrile/water = 1:1). The resulting mixture was dissolved in hexane or methanol and the solution was analyzed by high-performance liquid chromatography (HPLC), according to conditions described in the literature [9] . HPLC charts are shown in Figures 1 and 2 , and the HPLC results are summarized in Table 1 . Four main catechins, which were detected in the extract of the leaves, were not identified in the seeds. Caffeine was observed in the seeds at levels of 0.03% (dry weight ratio).
The hexane extract of green tea seeds was analyzed by 1 H and 13 C NMR spectroscopy. Oleic glyceride (79.9% dry weight ratio), linoleic glyceride (20.0%), and caffeine (0.1%) were observed in the extract. Usually the glycerides of fatty acids contain several different types of fatty acids. To confirm the exact structures of the two glycerides, they were synthesized using pure oleic acid or linoleic acid, and glycerol [10, 11] . The structures of these synthesized glycerides were verified by 1 H and 13 C NMR spectroscopic analysis. We clarified that the two glycerides are not formed from the same fatty acid: one is from oleic acid and one is from linoleic acid.
The HPLC chart shown in Figure 1 indicates that green tea seeds have compounds contributing to two main peaks (A and B). We further analyzed these compounds, and a detailed HPLC analysis is shown in Figure 3 isolated. Peak A from Figure 3 was determined to be a mixture of several saponin glycosides, as previously reported by Yoshikawa and co-workers [4] using NMR spectroscopic analysis. On the other hand, NMR spectroscopy and mass spectrometry indicated that the components of peaks B 1 -B 3 were naringenin glycosides. Hydrolysis of the glycosides gave naringenin, which was identified by NMR spectroscopy. Naringenin glycoside (1) was isolated from peak B 1 by silica gel chromatography and HPLC. Furthermore, it was proven by comparison with the literature [12] that the glycoside is an equivalent mixture of the 2S-and 2R-isomers. Analysis by H-H correlation spectroscopy (H,H-COSY), heteronuclear single quantum coherence (HSQC), and heteronuclear multiple bond correlation (HMBC) confirmed the structure: all significant correlations obtained by H,H-COSY, HSQC, and HMBC ( Figure 4 ) were observed. Furthermore, in the mass spectrum of compound 1, a 
4.20 (2H, br s) Tables 2 and 3 . The naringenin molecule with the same four sugars has been reported [8] , but with two differences: a) the position of the connection between rhamnose and the terminal glucose (C'''' of the terminal glucose is connected via an ether bond to C-3''' of rhamnose for 1, as opposed to C-2''' of rhamnose for the reported compound [8] ), and b) our obtained glycoside 1 was an epimeric mixture, which was determined by comparison with previously reported data [12] .
The compound represented by peak B 2 was isolated as a yellow powder. NMR spectroscopic analysis indicated that the compound was naringenin glycoside with over four sugars, but the detailed structure could not be clarified. Peak B 3 comprised two components, both of which were estimated to be naringenin glycosides by NMR spectroscopy.
Experimental

General experimental procedures:
The mass spectrum was measured on a Bruker Autoflex III spectrometer. Acid hydrolysis of naringenin glycoside 1: 0.5 M HCl (10 mL) and diethyl ether (5 mL) were added to the mixture of naringenin glycosides and stirred for 22 h. The obtained reaction mixture was washed with water and dried using pure magnesium sulfate. Removal of the solvent gave a crude naringenin.
Analysis of glyceride in the hexane extract:
Caffeine was obtained from the hexane extract as colorless powder (1.86 g) by fractional distillation in vacuum. The residue was found to be a mixture of oleic glyceride and linoleic glyceride by 1H NMR spectroscopy.
Synthesis of oleic and linoleic glycerides:
Oleic acid (1.06 mmol), 4-dimethylaminopyridine (0.0065 mmol), and pivalic anhydride (1.06 mmol) were dissolved in glyceride (0.33 mmol). The mixture was stirred at 50°C for 24 h. The obtained reaction mixture was purified by distillation in vacuum, followed by silica gel chromatography (CHCl 3 ), to give oleic glyceride as pale yellow oil (293 mg, 100%). Linoleic glyceride was also synthesized by the same procedure (151 mg, 52%). 
Oleic glyceride
